Little is known about the perception and use of e-cigarettes by the Chinese, particularly the young people. This study reveals the awareness, attitudes, and use of e-cigarettes among young adults in China, examines the relationship between smoking behavior and e-cigarette perception and use, and demonstrates the phenomenon of e-cigarette gifting. METHODS We used results from a mobile app-based survey conducted in November 2015 that included 10477 young Chinese adults aged between 19 and 29 years.
INTRODUCTION
Electronic cigarettes (e-cigarettes) are electronic devices that heat a liquid solution that typically contains glycerol and propylene glycol, with or without nicotine and flavours, and emit aerosols inhaled by users 1 . E-cigarettes have become increasingly popular worldwide in recent years, and the entry of the tobacco industry in the e-cigarette market has caused more concern within the public health community 2 . China produces more than 80% of the world's e-cigarettes 3 . About 500 physical stores and nearly 7000 online stores on Taobao, one of the largest e-commerce sites in China, sell e-cigarettes in the country 4 .
Research on e-cigarette-related attitudes and behavior among Chinese is burgeoning but still limited, especially for young adults. One study using data from the 2015 Global Youth Tobacco Survey showed that 45.0% of middle school students had heard of e-cigarettes, but only 1.2% reported using e-cigarettes in the last 30 days 5 . A 2015 online survey in China showed that 89.52% of adolescents aged 12-18 years were aware of e-cigarettes while the ever use rate was 26.44% 6 . According to the 2015 China Adult Tobacco Survey (CATS), 40.5% of adults aged 15 years and above had heard of e-cigarettes and 3.1% had ever tried them 7 . Certain characteristics of young adults make the age group particularly interesting to study regarding their perceptions and use of e-cigarettes. Generally speaking, young adults may be more likely to try new things, and they are more able than adolescents to afford e-cigarettes, which are more expensive than cigarettes on average. According to a study that reviewed 48 earlier studies that reported a correlation between age and e-cigarette awareness and use, older adolescents and young adults demonstrated 'driving levels of awareness and use of e-cigarettes' 8 . Young adults in the 2015 CATS and the 2013-2014 China City Adult Tobacco Surveys had a higher percentage of e-cigarette awareness and use 7, 9 . Surveys in the US in 2012-2015 showed that young adults (18-24 years old) were also less likely than other groups to perceive e-cigarettes as equally or more harmful than conventional cigarettes 9 . E-cigarette awareness and use are found to be correlated with smoking behavior. Surveys of US households showed that current and former smokers were significantly more likely than non-smokers to be aware of e-cigarettes 8 . Smoking status and frequency of cigarette consumption among US adolescents were correlated with frequency of e-cigarette use 10 . A study of European Union adults showed that being current and former smokers were the strongest correlates of using e-cigarettes, and current e-cigarette users reported high rates of smoking cessation and reduction 11 . The 2014 National Health Interview Survey in the US showed that daily e-cigarette use was most common among adults who recently quit smoking cigarettes 12 .
Existing research findings on sociodemographic correlates of e-cigarette use by all age groups are mixed. For example, one study using data from Wave 8 of the International Tobacco Control (ITC) Four-Country Survey conducted July 2010 to June 2011 in the US, Canada, Australia and the UK found that younger, better educated, and higherincome respondents were more likely to be aware of e-cigarettes, while younger, female respondents were more likely to have ever tried e-cigarettes 13 . But a study based on the 2009-2010 data in the US showed that, although less educated respondents were more likely to have heard of e-cigarettes, they also were more likely to have tried e-cigarettes than better educated groups 14 . Still, data derived from the ITC Netherlands Survey in 2014 demonstrated that income and education level did not matter in ever trial of e-cigarettes 15 . As for China, a previous study showed that among urban male smokers, the likelihood of being current e-cigarette users was significantly higher among smokers aged 15-29 or 30-49 years than those aged over 50 years, and among those with higher education than those with below high school education 9 . In terms of motivations for using e-cigarettes, some studies have shown that users considered e-cigarettes helpful in reducing or quitting smoking, a safer and healthier alternative to conventional cigarettes, to have better and more flavors, fashionable, and convenient in places where smoking bans applied 13, [15] [16] [17] . Other studies have found that alcohol use 18, 19 and peer influence [20] [21] [22] were associated with higher rate of e-cigarette use. Still, some research has found that people use e-cigarettes simply out of curiosity or 'just because' 17, 23 . In the Chinese context, e-cigarette use also may be related to the social norm of gifting-based relationships. Cigarette gifting and sharing among friends and colleagues has long been common practice for Chinese smokers and seen as an important way of maintaining social networking and relationships 24 . Existing studies have shown that the culture of cigarette gifting has promoted smoking behavior among Chinese youth 25 and prevented successful smoking cessation 26, 27 . As e-cigarettes become more prevalent, the culture of e-cigarette gifting (giving e-cigarettes to friends, family members and others) may be an important characteristic, particularly among young people.
This study is one of the first to map the landscape of e-cigarette use among young adults in China. Using an online survey covering most of the provinces, we collected previously unknown information about e-cigarette use in a country that produces most of 
METHODS

Participants and procedure
We conducted a mobile app-based survey between 16 and 18 November 2015. Our questionnaires were pushed to the mobile devices of 152622 registered users of Survey Baby (wenjuan bao), a mobile app developed by the Chinese public opinion research company, Kdnet Cloud Intelligence System.
A time limit of 48 hours was set for responses, and 22081 people under the age of 40 years answered the questionnaires within the time frame. The app system was able to detect the locations of respondents through their internet protocol addresses and global position system of their devices so only users in China were included. All submitted questionnaires went through a systemic procedure that checked on their completeness, sociodemographic consistency with the registered information, and whether time spent on each question was reasonable (the minimum time for each question was expected to be 3 seconds). A second round of logic checks was performed to focus on smoking history, and perception and use of e-cigarettes.
In total, 17663 or 80% of the respondents had complete and valid answers. Each was compensated $0.80 to their account. Of the valid respondents, 2042 or 11.56% were between the ages of 12 and 18 years, 10477 or 59.32% were aged between 19 and 29 years, and 5144 or 29.12% were aged between 30 and 39 years. This study analyzes the use of e-cigarettes and its correlates among the 10477 young adults (age group 19-29 years).
Measures
The respondents were divided by their tobacco smoking status into current smokers, former smokers (those who had quit), and never smokers. The current smokers were asked whether they ever tried to quit smoking (yes vs no).
We first measured respondents' awareness of We measured the use of e-cigarettes with the question: 'Do you use e-cigarettes now?' and the choices were 'Often (≥20 times)', 'Occasionally (<20 times)', 'Ever used (1-2 times)', and 'Never used'. We further asked those who had used e-cigarettes how they obtained the products, their reasons for using them, and the factors considered when choosing e-cigarettes. The options on how they obtained e-cigarettes included the internet, physical stores, TV shopping, received as gifts, and other. The options on the reasons of using e-cigarettes included avoiding the harm of cigarettes, avoiding secondhand smoke for others, helping to quit smoking, e-cigarettes being cheaper than cigarettes, avoiding smoking bans, and being fashionable. The options for factors considered in selecting e-cigarettes included brand, price, taste, vapor level, battery power, nicotine level, and product design.
Finally, we asked the respondents whether any of their family members or friends used e-cigarettes, whether they used other substances such as alcohol, and whether they ever recommended e-cigarettes to others or sent e-cigarettes as gifts to others. The questionnaire also included a number of sociodemographic questions about gender, education, economic status, employment status, and type and location of household registration (hukou). Analysis SAS 9.3 statistical software was used for the analysis. We first generated descriptive statistics on the variables of e-cigarette perception, use, and promotion, and then conducted bivariate tests to analyze e-cigarette perception and use by respondents of different smoking status. Finally, multivariate logistic regressions were applied to examine the correlates of e-cigarette awareness and use, and the correlates of e-cigarette gifting.
We applied four logistic regressions to estimate the correlates of both awareness (Models 1 and 2) and use of e-cigarettes (Models 3 and 4). For Model 1, a major correlate variable was cigarette smoking status (current, former, versus never smoker). Model 2 also compared current smokers who had tried to quit and those who had not tried to quit with never smokers. Also in the model were some sociodemographic variables including gender (male vs female), economic status (very wealthy, comfortable, fair, difficult, versus very difficult), education level (junior college, college, postgraduate, versus high school or lower), marital status (married, never married, versus other), employment status (full-time, part-time, versus unemployed), and type and location of birth registration (hukou) (urban versus rural, and local versus migrant).
In Models 3 and 4, we generated a dichotomous variable for e-cigarette use by coding those respondents who never used e-cigarettes as 0, while all others were coded as 1, no matter how often they used them. A dichotomous variable would help us to more straightforwardly examine the correlation of e-cigarette use with sociodemographic, perception and smoking status variables. The major correlate variables were smoking status (current, former, versus never smoker), perception of e-cigarettes (not harmful versus harmful, no secondhand smoke harm versus secondhand smoke harm, not addictive versus addictive, and safe replacement for cigarettes versus not), alcohol use (often, occasional, seldom drink, versus never drink), use of e-cigarettes by family members (yes vs no), as well as the sociodemographic characteristics. Model 4 also compared current smokers who had tried to quit and those who had not tried to quit with never smokers.
We also conducted four logistic tests to examine the correlation between e-cigarette promotion and cigarette smoking status, e-cigarette perception, alcohol use, use of e-cigarettes by family members, and sociodemographic variables. Models 1 and 2 tested the correlates of sending e-cigarettes as gifts, while Models 3 and 4 tested the correlates of recommending e-cigarettes to others.
RESULTS
Descriptive statistics
Among the 10477 young adults in our sample aged 19-29 years, 3327 or 31.76% were current smokers, 1124 or 10.73% were former smokers, and 6026 or 57.52% had never smoked. The current smoking rate reported for males was lower than that reported by a recent study while that for females was much higher. Our study shows that 44.96% of males and 11.33% of females were current smokers, compared to 52.1% and 2.7% (aged 15 years and above), respectively, reported in the Chinese Center for Disease Control and Prevention study 28 . Table 1 presents the sociodemographic characteristics of the respondents by their smoking status. Table 2 shows the awareness, perception and use of e-cigarettes by the respondents. In general, Chinese young adults were highly aware of e-cigarettes (88.40%), especially among current and former smokers (95.34% and 91.81%, respectively). Even 83.94% of never smokers had heard of e-cigarettes. The internet was the top source of learning about e-cigarettes in China (45.11%) and more so for smokers than for never smokers, followed by TV (28.78%), and family members or friends (16.51%). Compared with never smokers, both current and former smokers were more likely to perceive e-cigarettes as being not harmful to users (33.48% and 35.59, respectively) and to others (41.84% and 44.75%, respectively). In contrast, 23.43% and 31.76% of never smokers perceived e-cigarettes as being not harmful to users or others, respectively. Also, current and former smokers were much more inclined to perceive that e-cigarettes were not addictive (42.23% and 47.15%, respectively) than never smokers (27.40%), and they were more likely to believe that e-cigarettes were a safe replacement for conventional cigarettes (44.18% and 42.26%, respectively). But surprisingly, for all the questions regarding the harm of e-cigarettes, more than one-third of respondents across the board answered 'Don't know', suggesting an overall lack of knowledge on e-cigarette products.
The usage rate of e-cigarettes among Chinese young adults was 24.45%, although only 2.34% of them were frequent users (≥20 times). More than half of current smokers and nearly half of former smokers had tried e-cigarettes, but only 5% of never smokers had done so. The internet, physical stores and TV shopping channels were the main sources for young adults to obtain e-cigarettes, and 10.33% of the never smokers obtained e-cigarettes as gifts, compared with about 6% for smokers. The top reasons for using e-cigarettes were to avoid health harms both to themselves (39.24%) and to others (43.46%) and to help quit smoking (41.16%). Interestingly, 30% of never smokers picked up e-cigarettes out of curiosity while fewer current or former smokers did it for the same reason. When selecting e-cigarettes, the respondents paid more attention to brand (33.70%), price (38.46%), taste (47.36%), vapor level (33.11%), and nicotine level (24.76%). It seems that smokers were more sensitive to the price and taste of e-cigarettes than never smokers.
Finally, current and former smokers also were more likely (46.89% and 44.93%, respectively) than never smokers (28.94%) to have family members or friends who had used e-cigarettes. As seen in Table 3 , current and former smokers also were twice as likely as never smokers to have bought e-cigarettes as gifts, and more likely to have recommended e-cigarettes to others. tested the association between smoking status and e-cigarette awareness and use. Table 4 presents the results. First, both current and former smokers had a higher odds ratio of knowing and using e-cigarettes than never smokers. By further breaking down the smoking status, we found that both the smokers who had tried to quit smoking and those who had not were more likely than never smokers to be aware of and to have used e-cigarettes at the time of the survey. More interestingly, current smokers who had tried to quit had a much higher odds ratio of knowing and using e-cigarettes than those who had not, suggesting a relationship between quitting smoking behavior and e-cigarette knowledge and use. Both Model 3 and Model 4 also showed that those who believed that e-cigarettes were not harmful for their health and not addictive were more likely to use e-cigarettes. Second, as shown by other studies 29 , the family and peer influence on e-cigarette use was evident in our study as well. Seen for Model 4, the odds ratio for those with family members or friends using e-cigarettes was 3.36 times that of those who had no such family members or friends. Also, those with any degree of alcohol drinking were more likely to use e-cigarettes than those who never drank, confirming that concurrent use of other substances may be associated with e-cigarette use 30 . Third, men had a significantly higher probability of knowing about e-cigarettes than women, but their probability of using e-cigarettes was not necessarily higher. Less educated people were more likely to hear about e-cigarettes than better educated people but 9 less likely to use them. Urban residents had a higher odds ratio of using e-cigarettes than rural residents. Married people with better economic status were more likely to learn about and use e-cigarettes. Table 5 presents the results of the correlates of e-cigarette promotion. Both current and former smokers were more likely to buy e-cigarettes as gifts, and current smokers who had tried to quit smoking had a higher odds ratio of sending e-cigarettes as gifts, suggesting that e-cigarette gifting was due in part to the intention of sharing a perceived positive experience with friends. Current smokers also were more likely to recommend e-cigarettes to others. When separating current smokers by their quitting behavior, we found that current smokers, whether they had tried to quit or not, had a higher odds ratio of recommending e-cigarettes to others than never smokers, but those who had tried to quit were even more likely to recommend e-cigarettes to others. Those who believed that e-cigarettes were not harmful to users, caused no secondhand smoke harm, were not addictive, and were a safe replacement of cigarettes had higher odds ratios of e-cigarette gifting and recommendation. 
Multivariate analysis
DISCUSSION
This study reveals some important patterns of e-cigarette use among young adults in China. Specifically, we examined the awareness and perception of e-cigarettes and the determinants of e-cigarette use by current, former, and never smokers. Moreover, we explored the e-cigarette gifting behavior, which has long been a tradition among Chinese conventional smokers. By the time of our survey, e-cigarettes were extensively known by young adults in China, and nearly a quarter of all respondents had used them. However, the perceptions of the health impacts of e-cigarettes were rather divided, and a fairly large number of respondents had no idea about e-cigarette health impacts. As e-cigarettes become increasingly accessible and prevalent among young adults in China, the health impacts of e-cigarette use need to be further examined by researchers so that more scientific information on e-cigarettes can be made available to the public.
Our study also found that there is an association between smoking behavior and e-cigarette perception and use. First, both current and former smokers in our survey tended to hold a more positive attitude toward e-cigarettes as they were more inclined to understate the harm of e-cigarettes than never smokers. Second, while about 50% of smokers had used e-cigarettes, much higher than never smokers, they also were more likely to believe that e-cigarettes were a safe replacement for conventional cigarettes than were never smokers, and almost half of current smokers used e-cigarettes to help them quit smoking. As our multivariate tests showed, current smokers who had tried to quit were much more likely to use e-cigarettes than never smokers. Our finding differs from that of the little existing research on e-cigarettes in China. While Xiao et al. 5 found that Chinese youth used e-cigarettes as a tobacco product rather than an aid to smoking cessation, our findings suggest that e-cigarettes might be used as a tool by young adult smokers to quit smoking, although caution is needed as it is unknown whether smokers first tried to quit or used an e-cigarette. Whether this outcome materializes depends on more research on whether e-cigarette use may help with smoking reduction or abstinence. Several important studies did demonstrate the effect [31] [32] [33] although others raised doubt 34 . Since the Xiao et al. study focused on middle school students in China while ours on young adults, the difference in findings with regard to e-cigarette use and smoking behavior might be due to the fact that young adults have longer smoking history and are more concerned about smoking cessation.
Third, the gifting culture was evident among e-cigarette users as it is among conventional smokers, and smokers, especially current smokers who had tried to quit, than never smokers, were more willing to share e-cigarettes with others. As a social norm of smoking, cigarette gifting is a strong barrier for China to have effective tobacco control 27 . While the evidence of e-cigarette impact on smoking cessation is inadequate, if e-cigarette is proved to be associated with quitting smoking attempts, e-cigarette gifting among smokers at least helps spread the norm that cigarette smoking is harmful.
Limitations
A major limitation of this study is that the findings are based on a cross-sectional and mobile app survey, and thus we are not able to test causality and the sample does not allow us to make generalizations. Nonetheless, the present study paves the way for future research that will aim at a more representative sample and adopt a longitudinal design to track e-cigarette use and perceptions, and smoking behavior over time.
CONCLUSIONS
Our study shows that e-cigarettes have gained popularity among young adults in China, with 88.40% of the respondents being aware of e-cigarettes and 24.45% having used them. Also, smokers were more likely to perceive e-cigarettes as less harmful and to have used e-cigarettes. Smokers who had tried to quit had a higher tendency to use e-cigarettes. Finally, we have identified an e-cigarette gifting culture among smokers and especially those who had tried to quit, as they were more likely than never smokers to have shared e-cigarettes with others, by either giving them as gifts or recommending them to others.
Despite the increasing popularity of e-cigarettes in China, without hard evidence on e-cigarette harm to health and its effect on smoking cessation, policymakers in China face the dilemma of either promoting e-cigarettes as an alternative to cigarettes or banning both completely. Recently, China Tobacco and China E-cigarette Chamber of Commerce both issued policies to ban e-cigarette sales to youths under 18 years old. Also, e-cigarette smoking in public places has been banned in cities, including Beijing and Hong Kong, and in high-speed trains. While we agree that necessary regulatory steps need to be taken to avoid unnecessary harm from e-cigarettes, our research suggests that young smokers at least considered e-cigarettes as aiding smoking cessation and, therefore, before more concrete evidence on the relationship between e-cigarette use and smoking cessation becomes available, a more modest vision toward a national regulatory framework needs to be taken.
